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BACKGROUND INFORMATION 



AIR POLLUTION: man-riade contamination of the outdoor atmosphere. 

INVERSION: cool surface a1r trapped by a layer of warmer air. 

AEROSOLS: tiny suspended solid or liquid particles found in polluted air. 

PARTICULATES: particles of solid or liquid matter. 

COMBUSTION: the cheniical combination of certain substances with oxygen, 
the result being the production of energy. 

HYDROCARBON I any of the many compounds of carbon and hydrogen , which are 
the elements that produce energy most readily. 

PHOTOCHEMICAL SMOG: (Los Angeles type smog) the smog which results from the 

action of the sun on the emissions of the automobile. 

Additional Information on the above terms as well as the following lessons 
can be found In the following sources. Some of the sources have additional 
experiments or air pollution that can be performed, and are listed separately. 
If a more coinpleti bibliography is needed than the following supplies, one 
can be obtained from the Educational Resources and Administrative Center of 
Wk Highllne School District. 

"Air Pollutlor Prinier," National Tubercjlosls and Respiratory Disease Association, 
New York, New York 1971. 

"The Effects of Air Pollution." U. S. Dipartment of Health, Education, and 
Welfare, Public Health Service, Washington, D.C. 20201, 1.967. (For 
sale the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C, 20402. Price, 454.) 

"The Sources of Air Pollution and Their Control," U,S, Department of Health, 
Education^ and Welfare, Public Health Service, Washington, D.C. 20201, 
1966. (For sale by the Superintendent of Documents, U.S. Government 
Printirg Office, Washington, D.C. 20402. Price, 35*.) 

Those sources that have additional experiments on air pollutiorT as well as 
additional Information are: 

Air Pollution Experiments for Junior and Senior High School Science Classes , 
second editior. Air Pollution Control Association, 4400 Fifth Avenue, Pittsburgh , 
Pennsylvania 15213, 1972. ($1 ,50 per copy) 

Conserving Our Waters and Clearing the Air , American Petroleum Institute, 
ISO! K Street, N. U., Washington, D.C. 20006, 1968. (free of charge) 

Investigating Ai r, Land, and Water Pollution , Diane Storin, Pawnee Publishing 
to., Inc., One bndfield Road, Bronxville, New York, 1971. 

All of the above sources are available from the Educational Resources and 
Administratlor Center of the Highline School District. 
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CONCEPTUAL OVERVIEW OF UNIT 



1, The sources and effects of ozone, 

2. The sources and effects of oxides of nitrogen, 
.3. The sources and effects of particulates. 

4. The sources and effects of carbon monoxide, 

5. The causes and effects of temperature Inversions* 



NOTES TO T HE TEACHER 

You should let the stLidents perform the experiments associated with each 
lesson. Not only does this free y our time, but it helps the students 
realize some of the aspects of setting up a scientific eKperiment. These 
students should also make a report to the class on their results at the 
conclusion of their experiments. You should note that alT bf these experi- 
ments have been performed ^ and no significant problems were encountered by 
the students; some of the results were negative^ howeveri due to an In- 
sufficient amount of a specific pollutant in the area tested. 

Since the time of eKposure of the samples in sorne of the experiments runs 
as long as 90 days^ planning of the experlfnents must be made well in advance. 
You might want to have the students give their reports on their experiments 
at the same time you discuss the topic in clasEi this would requirr even 
more planning, and you shoiild give a brief description of the experirnents to 
the students so they can select one and begin, 

Yqu should stress Independent research on the areas of study before discussion 
of each lesson Is held in class. Also, you should not limit yourself to the 
questions listed; these are to be considered as only basic questions to help 
initiate discussion » The students should be able to continue the discussion 
from their own research. 



MASTER MATERIALS LIST 



For complete details on the following materials along with suggestid sources, 
see the appropriate lesson. 

OZONE 

T7 rubber strips, ozone-sfinsltive 

2. two (2) 5/8" medium binder clips 

3. lead weight 

4. bottle for unexposed rubber strips 

5. small shelter box 

OXIDES OF NITROGEN 

1 . AATCC Gas Fading Control Fabr1c---fastness to NOj^ 

2. cardboard framefor holding samples 

3. contact adhesive 

4. small shelter box 

5. (optional) AATCC Fabv^ic for Color Fastness to Ozone 

PARTI CLILATES 

1. Nylon Deterioration 

a. nylon hose 

b. Polaroid slide mounts #633 

c. frame for holding wounts 

d. slide projector with screen, or low power microscope or magni- 
fying glass 

2. W1nd-Blown Particulates 

a. glass jar, 75nim dia. by 75nm high with screw-on lid 

b. stand to hold jar 

c. spray can of clear lacquer 

d. Fasson's Pli-A-Print R-135, with removable protective release 
liner M78 

e. photographic standard for particles per square inch 

3. Lead in Auto Exhaust 

a. plastic bucket, 20 liter capacity 

b. hose, 5 meters, diameter to fit in or over auto exhaust 

c. hot plate 

d. beaker or other glass container 

e. Koslow Lead Trace Kit #1282 
CARBON MONOXIDE 

T. Eduquip Gas Sampling Kit for Carbon Monoxide 
TEMPERATmE INVERSIONS 

T. aquarium, approximately 60cm x 30cm x 30cm 

2. styrofoam insulation to fit bottoni of aquarium, 1cm thick 

3. small air pump ^, , uu 

4 two midget impingers, consisting of two small flasKS, rubber stoppers 
and glass tubing- one with BOX NH4OH and the other with 50f HCl . 

5. tubing, 5mm inside diameter and 3 meters long 

6. wash bottle with rubber stopper and glass tubing 

7. infrared heat lamp, 150 watts 

8. ring stand and swivel clamp to hold heat lamp 

9. dry 1ce in sandwich-size plastic bags, tied with string 
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LESSON 1 



Ozone, a product of photochemical smog, can hdrm people, 
vegetation, fabrics, and rubber, 

1. rubber strips, ozone-sensitive, Goodyear Specification 
No. 563-27303, same as supplied for U, S, Public Health 
Service order # 20374 of April 27, 1965 (order from local 
Goodyear District Sales Office or Goodyear Tire and Rubber 
Co.j 1356 Tennessee Ave., Cincinnati, Ohio; mark for the 
attention of Mr, B. L, Mattlngly at the Goodyear Los 
Angeles plant — $1 per 9" k 9" sheet), 

2. Two (2) 5/a" medium binder clips, such as IPKO #5 or 
IDL IsOi available from any office supply store. 

3. lead weight to attach to one binder clip; weight of lead 
and binder clip should be 375 grams. 

4p bottle for unexposed rubber strips, approximately 65mm 
high by 19mm in diameter 

a small shelter box, roughly a 20cm cube, with louveres 
to allow air to enter without exposing samples Inside to 
strong sunlight^ and with a hook on the celling from which 
to hang the rubber strips, 

1* The major components of photochemical or Los Angeles type 
smog are OKidizing by nature, and are called oxidants. 
Ozone is an early and continuing product of the photo- 
chemical smog reaction, and the presence of ozone in the 
air assures continuation of the oxidiEing process. For 
these reasons I the term ozone is used almost interchangeably 
with the term oMidants, 

It seems strange, but ozone generators are available that 
are supposed to eliminate odors and germs from the air. 
But is has been shown that the ozone concentrations pro- 
duced by such equipment must be so large to be efficient 
(around 10 to 20 ppm) that It also would be rapidly fatal 
to human beings- 

2. ('Mat 4^ mat66aAij ^o^ tkt iomaJxon oi photoah^mlaaZ 
iof^ LA. Jte/pe) mogi 

(sunlight and combustion products of organic fuels such 
as gasoline) 

3. How miUd you deMCJubt otomi 
a, color (colorless) 



a, fabrics (damages fibers and discolors dyes) 

b, rubber (accelerates its cracking and checking) 

c, vegetation (damages leaves on at least 57 different 
species of leafy vegetable§^, field and forage crops, 
shrubs, and fruit and forest trees) 
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d. people (sevireli^ irritates mucous membranes, produces 
coughingi choking^ headaches and severe fatigue, and 
at high levels can Interfere with lung functions during 
exposure and after) 

5. What .14 tkt ttQol m^Mm cdJtoimhlt' ozom aom€ntncut(.on 
that CL m^QA am fae mpo^^d to ovoji an U^ght-hom pojUod? 
(OJ ppm) 

6. imhat oAt somz na^LUiol ^ouJiats {tkcit ^ not r^an-mdt] 
ozomf 

(solar radiation ahd lightning) 

7. Le^U ^tudy one oi the. £^^eai6 ozom - thcU oi Ith 
aaaeZtAotLng tkt oJiCLtki^ and chickA.ng ^fafae/t, 



CRACKING OF RUBBER BY OZONE 

a. Place the shelter box at a convenient, safii and unob- 
structed spots such as the roof of ^our schooU 1t should 
be placed on a box or other support to keep It about 3/4 
to 1 meter off of surface. 

b. Cut the rubber she^t Into strips 8™ k 50mm; place the 
strips in the bottie to protect them from exposure to 
ozone, 

c. Remove one strip from the bottle and attach a binder clip, 
gripping the rubber 5mm froiii^one end; hang the cHp on the 
hook in the celling of the shelter, 

d. Attach the other binder cllpi again gripping the rubber 
Smm from the end; hang the lead weight on the lower clipi 
putting the rubber between the clips under tension. 

e. After 7 days of eKposure to atmosphere passing through 
the shelter I remove the rubber strip and examine It, while 
under tension i for degree of cracking or checking; if 
exposure of 7 days is not sufficient to cause nDtlceable 
cracking or other deflradatloni the period of exposure 
should be extended, 

f. At the end of the exposure period j remove the rubber strip 
and remove the clips from the strlpi cut the strip 
longitudinally through the middle j place it under a 50 
power microscope with a precal Ibrated eyepiece ^ and view 
the freshly cut edge; measure nine cracks, excllding any 
cracks within Ito from either endi and report their average 
depth. 
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should weigh 375 
grams) 



EVALUATIVE 
ACTIVITY- 
SUGGESTED 
EXTRA 

ACTIVITIES: 



Write a report on tha rubber dtt^r1orat1on exparlment Including 
proceduriSs results s and conclM&lons , 

PerfDrm the rubber deterloratlor^ laxperimant using the following 
variablas: 

a, expose the rubber strips at different times of the/year; 

b. expose the rubber strips at different locations af the 
same time's 

compare commercial rubber strips to the special rubber 
strips from Goodyear used In the above eKperimen;t, 
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LESSON 2 



CONCEPT: Nitric oxide, a rGlatively harmless product of bufning fuel^* 

at high tamparaturis s can convert to nitrogen dioxide, 
especially whan subjected to conditions that also form photO'- 
chemlcal smog. 

MATERIALS: 1. Arnerican Association of Textile Chemists and Colorists 

(AATCC) Gas Fading Control Fabr1c---fastness to oxides of 
nitrogen (available from Test Fabrics, Inc.^ 55 Vandam 
Street, N.Y., N.Y. 10013— two 2" x 10 yd, rolls for $5.00) 

2, cardboard frame for holding samples 

3. contact adhesive for attaching samples to frames 

4, small shelter box, similar to that for ozone deterioration 
of rubber experiment 

5. (optional) AATCC Fabric for Color Fastness to Ozone 
(available from Test Fabricss Inc^ same address as above-- 
two 2" X 10 yd. rolls for $7.50) 

PROCEDURE: 1 . Thz/iz cUig a nmbeA oi oKldu oi nWiog^n (NO^) , but the. onu 

m oKt mo^t intOAUttd tn o/ie yUt/Lta oxld^ and nWtogm 
dioKtdt. , 

Z. W^wit ma. thz pJtopmtLu oi thuo. 4ao qmu? 

Nitric Oxide Nitrogen Dioxide 
a, color colorless yellow*^ brown 

bp odor not known pungent, sweetish 

c, formula NO NOg 

d, toxicity slightly considerably 

3, How a/Lt tht ga5M iomtdl 

a, NO (combustion at high temperature such as in 

efficient combustion procasses or processes at 
high pressures, i.e, automobile engines or 
electric power plants) 

b. NOg (as a by-produce of industry — fertilizert 

explosives I etc, or by oxidation of NO to 
NOg this occurs rapidly when high concentrations 
of NO occur in the air or when low concentrations 
art present with hydrocarboni and sunlight photo- 
chemical smog conditions) 

4. l}}kat OAQ. ^Qtm tht m€ct6 HOil 

a, animals (harmful to lungs, decreases oxygen-carrying 
capacity of bloodstream, increases susceptibility to 
infection in lab axperlments) 

b* vegetation (causes visibli harm and inhibits growth) 

c. water (forms nitric add' one possible reaction is: 
HgO + 3N02 ^ 2HNO3 + NO ) 

d, fabrics (aiscolot^ dyes) 
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a. power plants and 

space heating 

b. transportation 

c. sol id waste 

disposal 

d. industrial 

procasses 

5, How cm pKoductlon nitKogm oxides be aoKtAoilzd? 
(stationary sources - careful adjustment of flame and 
stack gas temperatjres; automobiles - control 1s more 
difficult because reducing other pollutants can In- 
crease the output of nitrogen oxides) 

7, We iAJiiJL noiA) peA^om an txpoMrmnt €6 show tht ^^tats 
NO2 on dytd ^abnlu, (optionaZ) Mong wLth ikU wt 
(auIi ^ttn smplth to ditoAmint thz a^igat6 oi ozom, 
wkiah m dLuaiusid bz^om, on othtn. ^ahnXa 4mpiu. 

EFFECT OF NITROGEN DIOXIDE 
ON DYED FABRICS 

a. Make a mount for each fabric sample by cutting 

a 5cm square window out of a 7cm square piece of 
cardboard, 

b. Place a 7cfn square sampla of fabric to be tested 
over the window 1 and fasten the four sides to the 
cardboard with the contact adhesive; make sure to 
niark the samples for later Idantification, 

c* Punch a small hole in one corner of the cardboard 
frame, tie a length of string to the frame using 
the holei and tie the other and of the string to a 
thumbtack or hook placed on the ceiling of the 
shelter; the mounted fabric should be hung to 
prevent strong sunlight from striking it, 

d* After 90 days, remove the fabric samples and 
compare their color brightness with sarnples that 
have been sealed and stored to prevent exposure. 

a* If a color-difference meter is available, its use 
would give quantltativi resultsi such a meter is 
a photoelectric color instrument which measures 
incandescent light reflected at 45 degrees from 
the cloth samplej different fabric panels are 
measured for light reflectanca through red, green, 
yellow, and blue filters before and after exposure 
to obtain a total color difference. 



10.0 million tons/year nationwide 

Q ] M II M 11 

fS C M M M II 
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FRAME FOR FABRIC SAMPLES 



EVALUATIVE Write a report on the dyed fabric eKperlment including 

ACTIVITY: materials, procedures, results, and conclusions. 

SUGGESTED Repeat the dyed fabric experiment using the following 

EXTRA variables 

ACTIVITIES: 
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LESSON 3 



CONCEPT^ Particulates are small solid and liquid inatter which remain 

suspended in air until removed by natural phenoniena. 

MATERIALS: 1. Nylon Deterioration 

a, good quality (15 ftanier) nylon hose 

b, standard Polaroid slide mounts #633, size 3^4' x 4' 
(available from local cami^fu btore) 

c, frawe for holding mounted nylon to permit air to 
contact both sides of the nylon 

d, slide projactor with screen, or low power microscope 
or rtiagnifylng glass 

2, Wind-aiown Particulates 

a, glass Jar, approximately IBmm in diameter by 75rTim high 
with niatal or plastic screw-on lid (-#4378-30 bottle, 
sol id I storage I extra--wide mouth, threaded neck^ 

fHht glasss short forms available for local laboratory) 

b, stand to hold jar, see accorripanying sketch (can ba made 
in school shop) 

c, spray can of clear lacquer (Jap-A-Lac 4010 clear 
acryliCi or equivalent) 

d, Fasson's Pli-A-Pr1nt R-135 adhesive paper, with 
rernovabli protective release liner M78 (obtainable from 
Fasson Products Division of Avery Paper Co.* 250 Chester 
St. 5 Painesvllle, Ohio) 

a, photographic standard for particles per square Inchi 
obtainable from Technical Associates for Industryi 
Inc. I 0* Box n6i Park Ridge, New Jersey 07656 

3, Lead in Auto Exhaust 

a. pail or bucket, plastic , approximately 20 liter capacity 

b. hose rubber of plasties approximately 5 meters long 
and with a diameter appropriate to make a tight fit in 
or over the autonoblle tailpipe 

c. hot plate, to concentrate the sample 

d. large beaker or other glass container^ to concentrate 
the sartiple 

e. Koslow Lead Trace Kit #1282 (available from Koslow 
Scientific Co., 7800 River Road, North Bergen, NJ. 



PROCEDURE: 1 . PoMIomZc^u oAe maJU koUd and tLqiUd mcMoA that remain 

6iupMdtd In cuA UL^MZ KmovaZ by nc^a/ial phmomgm. Somz 
common nmu ^oa pmMaata±u a^e ^ume, du4t, ^mofee, aojiohoU, 
and mUt, Owe ci ihi mo4t piLbZioLzed hpzoMilt poAtidaZatu 
U iead; m wttU be iaca64^rtfl thU poltutmt in d^pth tMtK. 

2. Hoto big mt pajULmZaXu7 

(from 0*001 microns — 1 micron equals 1/1,000 of a milli- 
miter or 1/25*000 of an inch — to around 100 microns) 
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3. iiiihsJt am the. AoiiA&u peJiUuitatuf 

a. power plants and 

space heating 8. ? million •tons/yiar- nationwide 

b. Industrial processes 7.5 " " " 

c. transportation ] ,Z " " " " 

d. solid waste disposal 1.1 

4. WkU oM the. momi& Jjii cmJtem UMuf 

(OuTlng winter, Kansas City proeluces 67 tons par squirt milt 
per niorith, New York C1t^ produces 335 tons per day; In Los 
#ing«1es, cars produce 40 tons of airotols per da^.) 

5. alhaU ahi &om oi ^ a^^eata oi pcuUlcujta4uf 

a. weathtr (act as nuclei on which yapor c«n condense 
thareby increasing and/or prolong Ing "fop. grcund mist, 
or raini can absorb ridiant energy an^ neat surrounding 
gases that are IncaBable of absorbing the energy — 
this could Itsstn the anwunt of heat reaching thi 
earth; this could be caused by high flying jets.) 

b. catalysts (iron oxides aid In the cliariging of sulfur 
dioxide into sulfuric acid) 

c. people (harmful chsnlcals, nontially dissolved In the 
mucous membranis, can bt carried deep into tfie lungs 
to unprotected tissue by particulates) 

d. Of course theri are specific partlcwUtes that are 
well known detriments to healtli — arsenic, lead, 
mercury, asbiitos, cadmluiiii beryllium, and others, 

tfllterlng, washing, centrifugal sfparatiori or cyclones, 
and electrostatic precipitators) 

7. &hcU etAi 4 owe 4fce eoi^ cu&odsjtii iMh rfamtiga cmAid 
by pgJtMmZoJt&sf 

a. CQimercial laundering, cleaning, and dyeing of fabrics 
soiled by air pollution costs about WOO million 

b. washing cars dirtied by air pelluticn costs about $240 
minion. 

8. OlheLt -44 the, latMut hoWLCt oi lud ^psMcMZatuI 
(t^traethyl lead used to make higher oclane gasollnei over 
310,000 tons of lead Is given off each ^ears in Chicago, 

% 3/4 tons of lead fall on each square mile) 

9. ^o\a iou Itad iJi/^VL tke. bod^i 

(about lOX of Ingasted lead Is absorbid Into the blood 
stream 5 from 25 to SOI of Inhaled Iwd 1s absorbed into 
■the b1 ood stream) 

10 • to Uad pKUtnt in imy oi oua. Uood&4^iamf 
(about 0.25 ppw, classical lead polioniiig Is consldirid to 
occur vhen the lead level reaches 0,5 to 0.8 ppn) 
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11 , We uMZi nca do th/iu iKp&UnirU4> ^(U 4 how Jthi mourU oi 
pAHtLcuZc^u pweieitt^ iivont lAfkat diA&ction, -t/iey com, md 
flow '=ey ai^s.(U nylon, 

NYION DETERIORATION 

1 

(1) Cut a squari piece of nylon hose of sufficient sfie 

for thf Polaroid slldt mount, 
(Z) Apply adhasivi to the tm halvas of the mount, 

str-itch the nylon ovir one half, and place the other 

half of tht Mount on top. 

(3) Plact tht mounted nylon In a holder In an unobstructed 
and safe place m that the nj'lon 1s held In i hori- 
zontal poiltlon. 

(4) Expose one nylen sample for 30 days and a second 
saiTiplt for 90 ria^s, 

(5) At the end of the ejcpostri period, es(ani1ne each sample 
for broken thftads by either projecting the mounted 
sample on a screen or examining the sarnple with a lev 

Bower mlcroseope or magrlfylng glass. * 
, . se a similar sample stored Inside for the sanie period 
as a control for comparison , 

EVALUATIVE Write a report on the above experiment Including materials, 
ACTIVITY; pro-cedures i results i and conclusions. 

SUSGESTED Perform the nylon deterioration experltnent near a source of 
EXTRA high particulate density, such as a heavily traveled roael, an 

ACTIVITIES; airport, a burning trash dump, ate. 



WIMD-BLOWM PARTiCULATES 

CO Cut the adheslwe paper Into Sen x 3Scm strips. 

it) Sit up the stand for holding the glass jar on a flat 
and safe irea, such as your school roofi make sure to 
place 1t as far away from obitructlons as possible to 
allow a clear path from all directions, 

(3) Fasten one end of the strip of sticky paper to the 
jar with a sntall piece of cillophant tapei wrap the 
paper around the jar, renwve the release liner to 
e»^pose the sticky surface, and overlap the ends of 
the paper so they stick together and nold the paper In 
position on the Jar. 

(4) Screw the Jar onto the holder and mark the paper to 
Indicate tnt sfde facing Morthi expose the paper for 
seven days, 

(6) Spray the paper with clear lacquer to fix the particles 
collected and to avoid having additional particles ad- 
here to the paper. 
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(y) Take the exposed paper to the lab and divide the sample 
Into the light principal parts 'of the compass, marking 
tht proper cempass point on tach part of the sample. 

(7) ComDare each part with the photographic standard; 
estimate thi number of particles par square Inch from 
each di" recti cn. 




— Glasi Jar Vlth Adhesive 

Papei: 



Wood Screw 
Jar Top 



7.5cin Dla, x 7Scm Long 

Wood Dowel 
Cfasten to base) 




36CII1 X 36cin Plywood Base 
(thlaknaas to side) 



Stand for Wlnd-Blowii Parciculatea ExperimeTie 

EVALU/ITIVE Write a report on the above eKperimert Including materials, f>ro- 

ACTIVITY: *, cedures, resLilts, and conclusions. 

SUGGESTED Perform the wind-blown parti culatis experiment near a source 
EXTRA of high partlculatt density and considering the prevalent 

ACTIVITIES s winds. 



LEAD IN AUTO EXHAUST 

(1) MOTE I The collection of the lead from the auto 
e^niaust involves an idling engines the collectinn 
should be pirformed outsidt to avoid possible carbcn 
nonoKlde poisoning. 

(3) Attach the hose to the tailpipe of the car while It 
Is cold I make sure the hose forms an airtight seal 
(the car should have normal —that 1s leaded-— gas in 
its tank), 
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(3) Start the engine and let It Idle until it reaches 
operating temperature^ 

(4) Pour approximately 12 11ters,.of clean water (pre- 
frtrabl/ distill id or delonized) into a clean bucket 

cr pall . 

(5) Insert the end of the hose in the water, and let the 
exhaust gases from the Idling engine bubble through 
the water for 15 to 30 minutes, keep careful track 
of the tine, 

(6) Remoye the hose from the water, and turn off the 
engine. H.a 

(7) Pour part of the water In the beaker placed on the 
hot plate » and boll the volumt down to around ZOOcc; 
add more water and continue the boning until onlj? 
about ZOOce of the orlgliiaV lZ liters of water rernain. 

(8) Rinse the bucket with clean water, jnd pour the rinse 
water Into the be'akerj repeat the rinse .procedure one 
more time. 

(9) Follov^ the instructions included with the Koslow Lead 
Trace Kit to determine the total amount of lead in the 
water. ~ — 

EVALUATIVE Write a report on the above experiment including materials, 

ACTIVITY: procedures, results, and conclusions. 

SUSGESTED Perform the lead In auto exhaust experiiiient using the same car 

EXTRA but with unleaded or low-lead gasolinei perfom the experiment 

ACTIVITIES: while the car Is warning up. 
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LESSON 4 



Carbon monoxidi levels in traffic are often great enough to 
cause fatigue, headaches, confusion, and dizziness. 

Eduquip Qas Sampling Kit for Carbon Monoxide (avanable from 
Eduqulp Inc., 1220 Adaiiis Street. Boston, Massachusetts 02124) 

1 . We kmuo that canbon mmoxlda. can be, iatal 4m U^h aqucew- 
tHjoMonii J 000 ppm cm pAodatz mcoMcMoiunui iK i kouA 
md dtath In 4 haum. Bui mo6t Atudtu by aU pcZMUon. 
iUmtltU OAS, cam&fm&d uiUh. long tmn tUtcU ci luieA 
comtn^uutioM oi toAbon. monoxide.. foH. mmple,, *ne l&veZ 
oi CO lulde. a cmM htavy tmiiic. on a muitUme, hLQlmay 
idJU be. about 25 to 50 ppmj the. aonmntnaZLon 4.rt tmneZh 
cm exceed 100 ppm, 

2. What oAt Aome. oi the. miata oi aontact uMM lovi ItxiU 
conce.rttJuitAan& \1O0 ppm) oh. tmbon monoxlde.7 
(fatigue, headaches, confusion, and dizziness) 

3. What aJit the. phopeAMu oi aoAbon mno)Udtf 

a. color (colorless) 

b. odor (odorlass) 

c. formula (CO) . , 

d. toxicity (kills quickly at high concentrations) 

4. i^hat pAoc.ej,6 pKodutu COJ 

(the incomplete combustion of any carbon material) 

a. transportation 63.8 million tons/year nationwid 

b. industrial procfisses 9.7 '| " ^_ 

c. solid waste disposal 7.8 " 

d. power plants and 

space heating 1.9 

6. How cm CO fae ettmtnatedf 

(by making combustion processes more complete, such as 
external combustion and gas turbine power sources winch 
utilize an excess of air; devices on Internal combustion 
engines that oxidize the CO to COg before being released 
to the atmosphere) 
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We mJU now pviiom m zKptfUjn&nt to meWLwe the. coneen- 
tKotion oi caAbon moMM.de In tht oaa.. 



CARBON MONOXIDE IN AIR 

(a) Carefully break both ends off of a detector tube 
using a pair of needle nose pliers or scissors; be 
careful not to cut yourself on the broken tips, 

(b) Place one end of the detector tube Into the rubber 
bushing (stopper) and Insert the syrlngi tip Into 
the other end of the bushing. 



EVALUATIVE 
ACTIVITV: 

SUGGESTED 
EXTRA 

ACTIVnrES: 



(c) 



(d) 

(e) 



(f) 



Place the tube tip Into the envi fonment to be sanpled, 
and pull the syringe plunger back slowly to the 25cc 
nark (take aDproxImately 15 seconds to pull the 
plunger back) 

If color change occurs, repeat step c. three more times, 
Compare the color change with the chart enclosed with 
the tubesi if only 25cc of gas were analyzid, multiply 
the observed concentration by four; If lOOcc of gas 
mrm analyzed, use the observed concentration as read 
directly off the chart. 

If no color change occurs even after step c, has been 
performed four times, refer to the Instructions supplied 
with the tubes for additional procedures. 



Write a report on the carbon nionoKlde experiment Including 
materials, procedures, results, and conclusions. . 



Perform the carbon monoxide experiment In a 
such as: 

the exhaust of an Idling automobile 
the exhaust of a, cigarette 
near a burning source 
near the boner smokestack of the s 
near a heavily travelled street during rush liour 



er of locations. 



1. 
2. 
3. 
4. 
5. 
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LESSON 5 



Air-tfapplng inyerilons form easily and trap ever Incraasing 
quantities of ponutants, 

1* aquarlisna or sinillar glass or plastic inclosuri^ approxi- 

matily 60cni long by 30cm wide by 30cm hfgfi 
2- sheat of styrofoani IniUlatlon, approxiniataly Icm thick* 

cut to ftt the bottom of the aquarlurn 

3. small pump t€ propel smoke 

4. source of stMkit such. as an anwonlum cfilorida ganerator 
made from the pump above and two iufdgtt implngerst one of 
which coritalns approximately BOX airinoiilLini hydroxldas and the 
other of which contains approxirnately SOI hydrochloric acid; 
the rate of air flow Is adjusted by means of pinch cocks on 
the air tublrg from the pump (sti sketch) 

5. rubber of plastic tubing^ approKlwataly 5rm Inslda diameter, 
about 3 meters are needed 

6. wash bottle to prevant HCl and MH4OH from baGklng up Into 
the pump (sac ikitch) 

7. Infrared htat lampt 150 watts 

8. ring stand and swivel clamp to hold and position the lamp 

9. dry Ice placed In plastic bags Ci^^^dwich slie) and tied ^ 
with strings * 

1* We^tt/tet pla^4 m MpcH^aM pM4 m oaa pctJlMtlovi hlnt^ 
mti^o/wlogMciJL aondUMom cm a£i€at tht dUpoMlon 
alh. pottukm^. On a im day^ cl ytm, 4^0 *y toiwrfe my 
dUp2M€ eweit tht hm\;^ut la^iJc oi po4Ziitlon, BtU on 
o^eji daj^^p mck ^ndk md ki^hty 6tab£t aondAMoyu Mow 
maZl quMMALi^ oi polliUayt^ to xcamulat^ -to 4e4ioa6 
p^po-nZLam. 

2, Whc± mmMy kc^ptns to oajl tmp^nAtmt \JoUk m IncA^cut 

(because prfissura dacreases, tirniptrature also decreases 
at the rate of l^C for every lOOtiis of 5*4^F for every 
1 ,000 ft.; this Is called the adiabatic lapse rate) 

3 , What ^MJt hcLppm wkm tht actuo^ Zaps t Kati gntatm thm 
-die wdia^c^la ZcLp^t /ta^te — ifeawt ^ , v^hm dtcJizoue. 
tmp^^ujie.^ gmcUeJi ^at Joq {oh. ejJWiy ^OOm? 

(The air win begin to rise* and the atmosphere condition 
Is said tc be unstabla) 

4, What mJtt kqppm uiktn iht actmt £^Ae h/nti U lu^ than 
the. adlabctla Jtapiit natz — ok ifee dtcmcAt U lu^ ihcU I^C 

the surfa« air remains near the surfacep and the condition 
Is said to be stable) 
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Whm tht condUMou txUt wHma <he rf£c^ea4e In tmptH^^twie 
mM m mcAtoMi In ciMUudt dou not oaauA, thm a 
tmpvi^^uAt. InveM^on oattuu . - 

One oi lnv€M4.on, aaHgd a Aub^ldmat A^nviMlan, 
oacijM ^hm a fe^gfe=p4€44tw.e oajl ma44 sZntu dom upon an 
oAea, (^ha^ kapp^n4 to thg bot^m tayiJU oi cUa du/ilng 
tkU ^4.nking? 

(Thay are compressed, and thirefore Increase In temperature) 
Ijf gKomd oaa dou not IncAeMg 4^ tmptmJui/Lt, m 
lnv€M4.on oacLUU* ThZ^ 44 a aommon oaammat oi thi. 
(^utmn aoa^t oi tht S. io^ 4ome 340 dbiys each ytoA. 

AnothM. tijpz oi invtMlon, cMttd a mdUatlon invgM^on ^ 
44 a nomcd iomoMon, On c£zaA yU^ght^, tht 

gjLomd jtadUatu htat qiUakly md aooU, Houo muZd tht 
smiaai cUjl tmpvmtakt aompaA^ to tht 'tmpejiatum oi oaa 
at CL iUghgJi cMJMidtl 
(the surface air would be cooler) 

k tmpvmtmt InveMton oaau/u, but It shoaZd btaomt an- 
6tabZt whtn tht momiyig 'htoM tht g/iound agcLin, 

TopogMphy am add to thi. tiitat^ oi tnvQMlom. Con^idM. 
OL vaMe^yt ^kat happtm to th^ adol cuJi iowttd on tkt ^4.du 
oi th^ mouMtOAM at night? 
(it flows down Into the valley) 

u)am OAA tx44t4 at lUgheA ^tvoMon, 44 th^ condition 
4iafa£e OK amtablgt 
(stablei and an Invirsion occurs) 

We-^e noiQ pAipoAtd to do tht iotlovolng txpvUmgnt on 
tmpeAatuKz ImeMlon^, 



TEMPERATURE INVERSION MODEL 

a. Set up the apparatus as shown in the sketch; place 

the styrofoam Insulation in the bottom of the aquarium, 
and distribute the bags of dry ice to cool the a1r In 
the bottom of the aquarium run the strings from the 
bags of dry Ice over the sides of the aquarium. 

b. Start the air pump and^idjust the pinch cocks to the 
Impinger to produce snrake In the bottom of the aquarium, 

c. As soon as the bottom of the aquarium becomes filled 
with smokei turn off the air pump; this condition 
represants a radiation Inversion , 

d. Now slowly remove the bags of dry ice using the attached 
strlngSp trying not to disturb the air in the aquarium. 
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e. Turn on tha heat lanip and dipict it to the bottom of 
the aquafium; this reprisents the sun *s warming of the 
earth that aids fn the break-up of the radiation 
Inversion. 



Heat 
Lamp 



Attach Pinch Cocks Here 




AquaTlum 



Impingers , 
HCl & NH4OH 



Wash 
Bottle 



EVALUATIVE Write a report on the temperature in\^fl)rs1on experiment including 
ACTIVITY J materials, procedures, results, and conclusions, 

SUGGESTED Perform the experiment 'Temperature Invefsion In a Populated 
EXTRA Val ley" from A1f Pollution Eyperlments for Junior and Senior 

ACTIVITIES: High School ScTehee' ^lasjes to observe fffe additional effects 
that Fl^TTey places on a radiation inversion. 
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